The effects of ethanol feeding on the tryptophan-niacin metabolism were investigated in rats. Male rats of the Wistar strain (3 weeks old) were fed with a 20% casein diet and 15% ethanol ad libitum for 56 days. Urine samples were collected every week during the experimental period. Urinary excretion of A^-methylnicotinamide (MNA) was always higher in the ethanol-fed group than in the control group, but urinary excretion of its oxidized metabolites A^-methyl^-pyridone-S-carboxamide (2-Py) and A^1-methyl-4-pyridone-3-carboxamide (4-Py) was always lower. Therefore, the ratio of (2-Py + 4-Py)/MNA excretion was lower in the ethanol-fed group than in the control group. The rats were killed on day 57 and liver enzyme activities involved in the tryptophan-niacin metabolism were also measured. Tryptophanoxygenase, kynureninase, nicotinamide mononucleotideadenylyltransferase, NAD+synthetase, and nicotinamide methyltransferase activities were similar in both groups, but, 2-Py-forming MNAoxidase and 4-Py-forming MNAoxidase activities in the ethanol-fed group were 43% and 18%of the control, respectively. Therefore, the increase in MNAexcretion and the decrease in the ratio of (2-Py + 4-Py)/MNAexcretion might be attributed to the inhibition of the two MNAoxidase activities by ethanol feeding. Furthermore, it happened to be found that this excretion ratio also increased with growth up to nine weeks and this change was attributed to the increased reaction MNA-»4-Py with growth.
Forchette and Patterson1} have reported that A^-methylnicotinamide (MNA)excretion was increased in ethanol-fed rats compared with controls, and they considered this to be a result of increased oxidation of tryptophan by tryptophan oxygenase caused by chronic ethanol feeding. Wehave shown that increased urinary excretion of MNA does not necessarily mean an increased tryptophan-niacin conversion.2~6) In normal rats, the most abundant urinary niacin metabolite is TV^-methyl-^-pyridone-3-carboxamide (4-Py), which accounts for about 80%of the urinary excretion of nicotinamide and its metabolites. 2'3?6) Therefore, in discussing the tryptophan-niacin conversion in rats, 4-Py excretion must be measured. It is also known that the urinary excretion of MNAis elevated in cirrhotic patients.7) Accordingly, the increased urinary excretion of MNAby chronic ethanol feeding in rats as well as in humansmight be a result of cirrhosis of the liver, but not be a result of 2953 the increased oxidation of tryptophan.
In this experiment, I investigated the effects of ethanol feeding on the tryptophan-niacin metabolism in rats.
Materials and Methods
Chemicals.
A^1-Methyl-2-pyridone-5-carboxamide (2-Py) and 4-Py were synthesized by the methods of Pullman and Colowick8) and Shibata et al.9) respectively. Tryptophan and nicotinamide were purchased from Wakopure Chemical Industries (Osaka, Japan). MNAchloride and kynurenine sulfate were obtained from TokyoKasei Co.
(Tokyo, Japan). NAD+, ATP, S-adenosylmethionine, nicotinic acid adenine dinucleotide, and nicotinamide mononucleotide (NMN) were purchased from Sigma Chemical Co. (St. Louis, MO., U.S.A.). All other chemicals used were of the highest purity available from commercial Animal and diet. Male rats of the Wistar strain (3 weeks old) were purchased from Clea Japan (Tokyo, Japan).
The rats were immediately placed in individual metabolic cages (CT-10; Clea Japan) and fed on a 20% casein diet containing 0.006% nicotinic acid (Table I) =4000] and that of ethanol 7kcal/g. Table III shows body weight every week during the experimental period. These values were always higher in the control group than in the ethanol-fed group and increased with growth. Table III also shows food intake during urine collection every week. The values were also always higher in the control group than in the ethanol-fed group and increased with growth up to the age of seven week. Table III shows urinary excretion of  nicotinamide, MNA, 2-Py, and 4-Py every week during the experimental period. The urinary excretion of 2-Py and 4-Py was always lower in the ethanol-fed group than in the control group, but the urinary excretion of MNAwas always higher in the ethanol-fed group as shown in Table III . The urinary excretion of nicotinamide between the two groups were not different. The ratio of the total urinary excretion of nicotinamide, MNA,2-Py, and 4-Py in the ethanol-fed group to that in the control group at eleven weeks was 0.75, which was about the same as the ratio of total food intake (0.78, and was almost constant regardless of growth in both groups. Urinary excretion of 4-Py increased with growth up to eight weeks and was almost constant thereafter in both groups.
The sum total urinary excretion of nicotinamide, MNA, 2-Py, and 4-Py increased greatly with growth up to six weeks of age and was almost constant thereafter in both groups.
Comparison of the resulting ratios of (2-Py + 4-Py)/MNA and 4-Py/2-Py Table III shows the ratios of (2-Py+4-Py)/MNA and 4-Py/2-Py every week during the experimental period. The ratio of (2-Py + 4-Py)/MNA was always much higher in the control group than in the ethanol-fed group. The ratio of 4-Py/2-Py tended to be higher in the control group than in the ethanol-fed group.
Relationship
between the ratios (2-Py+4-Py) /MNA and4-Py/2-Py andgrowth of rats Table III shows that the ratio of (2-Py+4- MNAoxidase activities were lowered. The liver weights of the two groups were not significantly different.
Discussion
Effects ofethanol on tryptophan-niacin metabolism Forchette and Patterson1} reported that MNAexcretion was increased in ethanol-fed rats and suggested that the increase in MNA excretion is due to the enhancement of tryptophan oxygenase following chronic ethanol feeding.
In contrast, Badawy, et al.16) reported that hepatic tryptophan oxygenase activity is decreased by chronic ethanol administration and Cook and Carpenter17) reported that urinary excretion of MNA in terms of lOOkcal intake was not increased by ethanol-feeding. Gabuzda and Davidson7) also reported that patients with cirrhosis of the liver associated with alcoholism excrete approximately 2.5-fold more MNA in urine than controls subjects fed comparable diets. In the present experiment, MNA excretion every week was always higher in the ethanol-fed rats than in the control rats (Table III) . But the urinary excretion of 4-Py, which is the most abundant nicotinamide metabolite in rats, was 2957 always much lower in the ethanol-fed rats (Table III) . The ratio of the sum total food intake during the experimental period in the ethanol-fed group to that in the control group was 0.78 (Table II) , and the ratio of the sum total urinary excretion of nicotinamide, MNA, 2-Py, and 4-Py at eleven weeks was also 0.75 (Table III) . This means that the tryptophanniacin conversion is not significantly different in the two groups. The 4-Py excretion ratio of the ethanol-fed group to the control group at eleven weeks was 0.64 (Table III) lower than the ratio of food intake (0.78-from Table II ).
Therefore, for the ethanol-fed group, it means that the reaction MNA-åº4-Pyr occurs less than in the control group. In fact, 4-Py-forming MNA oxidase activity was much lower in the ethanol-fed group (Table  IV) . 2-Py-forming MNA oxidase activity was also lower in the ethanol-fed group, but the decreased 2-Py excretion in the ethanol-fed group was not at such a different level as the decreased food intake. This might be because 4-Py formation is much higher than 2-Py formation in rats. The increase in MNAexcretion in patients with cirrhosis of the liver would be a result of decreased activity of 2-Py-forming MNA oxidase by chronic ethanol intake since in humans, the most abundant urinary excretory metabolite ofnicotinamide is 2-Py, not 4-Py. 1 8) Thus, 2-Py-forming MNA oxidase activity might be decreased by chronic alcohol consumption in humans. It is known that only in menand rats are 2-Py and 4-Py formation from MNA catalyzed by separate enzymes. 19) From these findings, the ratio of (2-Py+4-Py)/MNA excretion might be usable as an index of cirrhosis of the liver.
In conclusion, increased excretion of MNA does not always mean increased intake ofniacin and tryptophan, or acceleration of the oxidation of tryptophan, and therefore the pyridones of MNA must be measured to discuss the niacin catabolism.
Relationship between tryptophan-niacin conversion and growth of rats It happened to be found that the sum total show that the ability to convert tryptophan to niacin reaches a maximum at about six weeks in rats.
In nursing rats, all nutrients are supplied from milk. The niacin content in milk is very low and suffcient niacin itself therefore is not supplied. It is generally considered that sufficient niacin is supplied from tryptophancontaining milk proteins in nursing rats when the tryptophan-niacin conversion is assumed to be the same in nursing rats and adult rats. The present data show that this speculation would not be correct, because the tryptophanniacin conversion is lower in weanling rats than in adult rats under these conditions. Therefore, it conversion might be lower in nursing rats than in weanling rats. However, it is also the fact that there have been no observations of niacin deficiency in nursing rats. This discrepancy is not explained now. Urinary excretion of MNA decreased by 50% between six and seven weeks of age, although the sumtotal of urinary excretion did not change in this period. Urinary excretion of 4-Py increased with growth up to eight weeks, although the increase in the sum total of urinary excretion stopped at six weeks. This 4-Py increase thus appears to be linked to the decrease in MNAexcretion. Urinary excretion of 2-Py changed little as the rats were growing. That is, 2-Py-forming MNAoxidase activity thus appears not to change as the rats were growing. Therefore, the ratio of 4-Py/2-Py excretion increased with growth up to eight weeks. In rat, 2-Py and 4-Py formations are catalyzed by separate enzymes.19) 4-Py-form-
ing MNAoxidase activity appears to increase with growth up to eight weeks of age. This activity is affected by amino acid intake2 6); it decreases greatly in rats fed an inadequate amino acid diet compared with those fed an adequate amino acid diet. The decrease in MNA excretion between six and seven weeks of age thus appears to be due to an increase in 4-Py-forming MNAoxidase activity, rather than to a decrease in nicotinamide methyltransferase.
The ratio of (2-Py+4-Py)/MNA excretion increased with growth up to nine weeks of age.
We have reported that this ratio, as well as 4-Py-forming MNA oxidase activity, also increased greatly in rats fed an adequate amino acid diet, in comparison with those fed an inadequate amino acid diet.2~6) Wehave also shown that this ratio decreased in rats fed an excess niacin diet in comparison with those fed an adequate niacin diet, even when the diet had identical protein contents.23>24) These experiments showed that this ratio increased with growth up to nine weeks of age.
